Introduction 28
Numerous social surveys of people's response to aircraft noise have been conducted in the past half 29 century (Bassarab et al, 2009) . The primary results of these surveys have typically been reported as 30 prevalence of annoyance as a function of the noise exposure expressed by a cumulative measure 31 such as day-night average sound level (DNL), or day-evening-night level (DENL) after this index was 32 introduced by the European Noise Directive (EU,END, 2002) .
Several recommendations and standards present the prevalence of annoyance with aircraft noise as 34 a simple two-dimensional issue; i.e. the percentage of a population being highly annoyed vs. the 35 cumulative noise exposure (FICON, 1992; ANSI, 1996; Miedema and Vos, 1998; ISO, 2015; inter alia) . 36
However, a simple visual inspection of a compilation of available survey results as shown in Figure 1 , 37 illustrates the great variability of measurements of aircraft annoyance prevalence rates across 38 communities 1 . Some of this variability may be attributed to differences in study methods. However, it 39 has long been recognized that the annoyance response may also depend on other non-DNL 40 determinants (McKennell, 1963; Job, 1988) . Such factors can be either acoustic, e.g. maximum levels, 41 or non-acoustic, e.g. fear of accidents, situational factors, etc. 42
Numerous models for prediction of the prevalence of annoyance based on various acoustic 43 parameters have been proposed (Schultz, 1982) but none of these, except for the simple "annoyance 44 vs. DNL", has been universally accepted and adopted. Most countries still rely on DNL-based metrics 45 for regulatory purposes regarding annoyance from aircraft noise (Tachibana et al. 2008 ), but there is 46 also some work on supplementary noise metrics (Porter et al. 2014) . 47 The data points in Figure 1 are mainly based on data found in the annexes of the international standard ISO 1996 (International Standards Organization, 2016 and Fidell et al.(2011) . The cut-off point above which respondents are counted as highly annoyed in a specific survey varies between 67 % and 75 %, with the bulk of the surveys using 72% (Miedema et al. 1998) . For post 2001 surveys the response on the standardized numerical scale (three upper categories) has been used wherever available (Fields, 2001). annoyance conducted over the past 60 years. The CTL value for these studies varied across a range of 56 about 25 dB, from 62 dB to 86 dB. The grand average for all 43 surveys was 73.3 dB. The CTL-function 57 associated with this value closely resembles the dose-response function proposed by Miedema and 58 Vos (1998) , and which has later been adopted as the EU-recommended curve for assessment of 59 aircraft noise. The definition and use of CTL is described in the 2015 revision of the standard ISO 1996 60 (ISO, 2016 This classification procedure was adopted by Gjestland et al.(2015) , and they showed that there is a 80 significant difference between the two classes of airport communities. People living near a "low-rate-81 of-change" (LRC) airport are in general more tolerant to noise than people living near a "high-rate-of-82 change" (HRC) airport. The average difference in CTL values between the two types was found to be 83 8 dB ± 5 dB. They did not observe any temporal change in the prevalence of noise annoyance when 84 differentiating the studies in LRC/HRC types; the response in 2015 was similar to the response 30-40 85 years ago. With these important observations it should be possible to study differences between 86 aircraft noise surveys conducted at different times without having study year or classification 87 LRC/HRC as confounding factors. 88
Method 89
A database of social survey findings about the prevalence of aircraft noise-induced annoyance was 90 constructed on the basis of the lists provided by Fidell et al.(2011 ), Janssen et al. (2011 , Janssen and 91
Guski (2015), and Gjestland et al.(2015) . The objective of the analysis was to find a possible link 92 between the annoyance response characterized by the CTL value and the amount of traffic at the 93 airport, characterized by the average number of movements per year. The number of aircraft 94 movements is defined as the total number of arrivals and departures. The number includes 95 commercial jets and turbo pro aircraft (both passenger and freight), but excluding GA traffic. 96
Therefore only studies where the number of aircraft movements could be confirmed were included. 97
This information was either found in the original survey reports or from historical data provided by 98 the airports or national aviation authorities. 99
The classification LRC/HRC was based on the classification definition introduced by Jansen and Guski, 100 by using information provided in the original survey reports, and/or through communication with the 101 researchers that conducted the survey. 102
The surveys that were included in the following analysis are shown in Table 1 . The rationale for the 103 HRC classification is shown in Table 2 . All remaining airports were classified as LRC. The CTL values in 104 Table 1 have been calculated using a "least square error" method using aggregated results for 105 percentage highly annoyed. The cut-off point for %HA is similar for all studies (about 72 %). For 106 details on the CTL calculations, see Fidell et al. (2011) , ISO (2016) and Taraldsen et al.(2016) . 107
Results

108
The data from Table 1 The CTL value, calculated as described above is a single number description of a certain community 126 with respect to the prevalence of noise-induced annoyance. CTL denotes the noise level at which 50 127 % of the exposed population in that particular community is highly annoyed. A low CTL value 128 indicates a low tolerance for noise and vice versa. In Figure 3 a multivariate linear regression function is fitted to the same data set. For a given noise 139 level and a fixed number of movements the response at an HRC airport is shifted equivalent to 8 dB 140 compared with an LRC airport. This shift is in agreement with that reported by Gjestland et al. (2015) . 141
The downward slope of the trend lines using this analysis method is -5.3. Thus the dependency on 142 the number of movements seems to be less pronounced. A doubling of the traffic at a given exposure 143 level corresponds to a shift in CTL of 1.6 dB. 144 Figure 4 shows the results if the two data sets are analyzed independently. The trend line fitted to 145 the data for the LRC airports, has a downward slope of -6.0 indicating a decrease in noise tolerance 146 at a given exposure level corresponding to 1.8 dB per doubling of the traffic. The trend line fitted to 147 the HRC data points, however, is almost horizontal with a slope of only -0.75. This indicates that the 148 annoyance response at these airports is virtually independent of the traffic volume. At 100,000movements per year (log m = 5.0) the difference in the annoyance response between the two classes 150 of airports, is equivalent to a shift of 7.9 dB in the noise exposure, but at 1,000,000 movements per 151 year (log m = 6.0) the difference has decreased to 5.2 dB. 152
According to these results the EU recommended dose-response function corresponding to a CTL 153 value of 73.3 dB gives a "correct" estimate of the prevalence of annoyance at an LRC airport having 154 about 250,000 aircraft movements per year. The EU-curve over-estimates the annoyance at smaller 155 airports, as higher CTL-values means a greater tolerance to noise, i.e. for a given prevalence of 156 annoyance, people tolerate a higher noise level than predicted by the EU-curve. At airports having 157 more than about 250,000 aircraft movements per year, however, the EU-curve under-estimates the 158 prevalence of annoyance. For HRC airports the prevalence of annoyance seems to be independent on 159 the number of aircraft movements. 160
The negative slope in figure 2 indicates that for equal noise exposure, the percentage of highly 161 annoyed respondents increases with an increasing number of aircraft movements. An increasing 162 number of movements means that the intervals between each noise event become shorter. 163
Experiments with traffic management to increase the length of respite periods have been tried at 164 various airports for instance in the UK and in Australia (Department of Infrastructure and Regional 165 Development, 2014; Jacobs 2012) . These experiments have shown that noise-induced annoyance at 166 a given exposure level may be reduced by increasing the length of quiet periods between separate 167 noise events. At larger airports this can be achieved by using alternative runways, and thereby 168 spreading the traffic across a larger area. This is a type of air traffic management that should be 169 further explored. 170 Jansen and Guski's (2015) definition of an HRC airport includes among other things ongoing 171 discussions about operations between the airport authorities and the surrounding community and 172 large uncertainties about the future noise impact situation. The prevalence of annoyance at an HRC 173 airport is generally higher than the average (Gjestland et al. 2015) . One may assume that the highprevalence of annoyance is only indirectly linked to the noise exposure itself, and that other non-175 acoustical factors such as mistrust and discontent may be more prominent (Bauer et al. 2014) . The 176 results shown in Figure 4 support this assumption. The prevalence of annoyance at an HRC airport is 177 more or less independent of the number of movements as opposed to the situation at an LRC airport. 178 (insert Figure 5 about here) 179 A similar conclusion can be drawn from the results shown in Figure 5 . This figure shows the results 180 from a recent survey at two Norwegian airports; Trondheim Airport (TRD) which is a typical LRC 181 airport and Oslo Airport (OSL) which is a typical HRC airport. The prevalence of annoyance at 182
Trondheim Airport, described as the percentage of the population that is highly annoyed, is clearly 183 correlated with the exposure level. One may therefore assume that in this case the annoyance is 184 primarily noise-induced. The results from Oslo Airport (OSL), however, are very different. Not only is 185 the annoyance response generally much higher, but there is no clear correlation between the 186 annoyance response and the exposure level. An obvious conclusion would be that in this particular 187 case the annoyance is primarily caused by factors other than the noise level itself. 188
A plausible explanation would be that the annoyance response is driven by a combination of 189 acoustical and non-acoustical factors, and airport specific situational issues will decide which factors 190 that will dominate. 191
It should be noted that this analysis is performed on a global level. The CTL calculations are based on 192 aggregated responses and the total number of movements is valid for the whole airport as such, and 193 may not be representative for the number of aircraft that is observed by the individual residents. 194
Never the less a global approach will yield results that can be used for regulatory purposes on a 195 "community level", but the findings are not suitable for application to individual responses. This 196 reservation, however, also applies to other methods used to predict community response to noise. 197
Conclusions
It has long been recognized that prevalence of noise induced annoyance is not unambiguously 199 described by a cumulative measure of the noise exposure alone. Other factors, both acoustical and 200 non-acoustical, have also been found to be of importance (Fields, 1998; Miedema and Vos, 1999) . 201
The (Gjestland et al. 2016 ) . 294 
